F o r a g i n g red-cockaded woodpeckers t h e s e v a r i o u s ways (Hooper and o t h e r s 1982). W i t h i n t h e l i m i t s s e t by s o i l and o t h e r n a t u r a l s i t e f a c t o r s , cond i t i o n s o f f o r e s t stands used by r e dcockaded woodpeckers a r e determined t o a g r e a t e x t e n t by f o r e s t management. A k now1 edge o f s t a n d c o n d i t i o n s s e l e c t e d b y t h e b i r d f o r f o r a g i n g enhances assessment o f management o p t i o n s f o r t h i s endangered species.
T h i s s t u d y compared s e l e c t i o n o f f o r e s t stands by f o r a g i n g red-cockaded woodpeckers t o s t a n d age, d e n s i t y and s i z e o f p i n e stems, and basal area o f hardwoods.
Met hods
The s t u d y was conducted on t h e F r a n c i s Marion N a t i o n a l F o r e s t i n South C a r o l i n a , With more t h a n 400 c l a n s , t h e a r e a has one o f t h e l a r g e s t popul a t i o n s o f red-cockaded woodpeckers ( L e n n a r
t z and o t h e r s 1983). The s i z e and apparent s t a b i l i t y o f t h e p o p u l a t i o n suggest r e l a t i v e l y good h a b i t a t c o n d i t i o n s f o r t h e species on t h e study area. c l e a r l y p r e f e r p i n e s over o t h e r t r e e s Stands o f l o b l o l l y (Pinus t a e d a ) and t e n d t o s e l e c t t r e e s t h a t a r e l a r gand l o n g l e a f (P. p a l u s t r i S ) p i n e s c u r e r t h a n t h e average a v a i l a b l e ones o n t h e h i g h e r X d b e t t e r d r a i n e d s i t e s , ( D e t o t e l l e and o t h e r s 1983; Hooper and
i n t e r s p e r s e d w i t h hardwood and cypress L e n n a r t z 1981; P o r t e r and L a b i s k y 1986; (Taxodium spp.) stands i n drainages and Skorupa 1979).
Pines grow i n a v a r i e t y l ow areas. The most common h a r d~g o d s o f c o n d i t i o n s from stands o f n e a r l y p u r e a r e t u p e l o (Nyssa spp.), oaks (Quercus p i n e s t o those w i t h a few p i n e s s c a tt e r e d among hardwoods.
Even stands t h a t spp.) , r e d m F ( A c e r rubrum), sweetgum a r e dominated by p i n e s d i f f e r i n t h e ( L i quidambar styraciflu-dbay (Persea b o r b o n i a ) , magnol i a s (Magnol i a amount o f hardwood u n d e r s t o r y and mids ' m a n d h o l l i e s ( I l e x spp.). Stands s t o r y , and t h e y v a r y i n t h e d e n s i t y , a r e second growth and e s s e n t i a l l y evens i z e , and age o f t h e pines.
Year-round aged; however, some have s c a t t e r e d o l d e r home ranqes o f red-cockaded woodpeckers a r e l a r g e and a r e t y p i c a l l y composed o f a mosaic o f f o r e s t stands t h a t d i f f e r i n INOW r e t i r e d .
Since 1944, p i n e stands have been p r e s c r i b e d burned on 1-t o 4-year i n t e r v a l s . Even-age timber management has been p r a c t i c e d on t h e N a t i o n a l Forest s i n c e 1950, Eighteen d i f f e r e n t c l a n s ( s i x / y e a r ) o f c o l or-banded red-cockaded woodpeckers were s t u d i e d between May 1976 and A p r i l 1979, Clans were f a m i l y groups o f two t o n i n e b i r d s c o n s i s t i n g o f t h e breeding p a i r , j u v e n i l e s , and a d u l t male helpers. Clans were f o l l o w e d 2 t o 14 hours/day on 454 days f o r a t o t a l o f 2,350 hours. B i r d s were out o f t h e i r c a v i t i e s from 9 t o 14 hours, depending on t i m e o f year, and t h e average t i m e spent f o l l o w i n g a c l a n was 5.2 hours/day.
Thus, sampl i n g was skewed toward t h e morning hours, and a bout 80 percent o f t h e observations were c o l l e c t e d i n t h e f i r s t 5 hours a f t e r t h e b i r d s l e f t t h e i r roosts, A t 5-minute i n t e r v a l s , t h e coord i n a t e s o f each c l a n were determined from 1 :24,000 s c a l e a e r i a l photographs g r i d d e d t o a s c a l e o f 15,2 m w i t h each 1 0 t h 1 i n e shown on t h e photographs. Major g r i d p o i n t s (152 x 152 m) were marked i n t h e f o r e s t when s u f f i c i e n t n a t u r a l f e a t u r e s f o r determining locat i o n o f t h e c l a n s were l a c k i n g . A f t e r d e l i n e a t i o n o f t h e home ranges (Hooper and o t h e r s 1982), maps showing f o r e s t stands were prepared f o r each home range.
Stands were d e f i n e d as areas w i t h aggregations o f t r e e s and o t h e r v e g e t a t i o n o f s u f f i c i e n t u n i f o r m i t y i n composition, age, and d e n s i t y t o be d i s t i n g u i s h e d from t h e v e g d a t i o n and c o n d i t i o n s o f a d j o i n i n g stands, Coordinates f o r t h e f o r a y i n g l o c a t i o n s o f c l a n s were matched w i t h stand coord i n a t e s t o determine t h e use o f each s land, Although red-cockaded woodpeckers a r e t e r r i t o r i a l , we were unable t o de-1 i n e a t e e n t i r e t e r r i t o r i a l boundaries (Hooper and o t h e r s 1982); however, most c l a n s d i d share some mutual boundary w i t h adjacent clans.
I f an adjacent c l a n was n o t a p p a r e n t l y aware o f i t , a c l a n would sometimes v i o l a t e t h e boundary and t r a v e l i n t o t h e adjacent t e r r it o r y .
Although f o r a g i n g occurred on these e x t r a t e r r i t o r i a l t r i p s , areas across t e r r i t o r i a l boundaries were n o t considered a v a i l a b l e f o r a g i n g h a b i t a t , Stands ranged i n s i r e from 0.5 t o 35,9 ha, By chance alone, l a r g e r stands
would be expected t o r e c e i v e more f o raging use than smaller stands, Thus, t o Gompare f o r a g i n g use among stands, stand s i z e was taken i n t o account by c a l c u l a - Because on most days we d i d not f o l low c l a n s a1 1 day, r e s u l t s could be biased i n f a v o r o f f o r e s t stands c l o s e t o t h e r o o s t t r e e s and against stands near t h e home range boundary.
To t e s t f o r bias, we compared t h e l e n g t h o f d a i l y observation p e r i o d t o t h e proport i o n o f observations recorded i n stands v a r i o u s distances from t h e colony, I n 10 home ranges we f o l l o w e d c l a n s a1 l day 
The d e v i a t i o n o f the e s t i m a t e f o r the p a r t i a l -d a y observation From the who1 @-day e s t i m a t e f o r each s t a n d was determined by subt r a c t i n g the whole-day value from each p a r t i a l -d a y e s t i m a t e , Thus, f o r @ach of 140 stands in these 10 home ranges, a d e v i a t i o n from t h e unbiased who1 e-day e s t i m a t e was o b t a i n e d f o r each length of observation,
The mean o f t h e d i s t a n c e s from the b r e e d i n g male's r o o s t t r e e t o t h e proximal and d i s h 1 boundary 
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Figure I*--8evlatlon of partial-day frm whole-day estfma$es of Phe proportion sf foraging time s p e n t b y red-cockaded weo+ecksrs I n 140 f o r e s t stands a9 varlsus distances frm the breedfng males' roost cav:tles. 4 p a s i t f v e devlatian indicates an inflated partial-day estimate, and a negative dsvlaPIon indicates an underestimate. Data were calculated from 48 whole days of observation i n 18 h an Phe Francis Marion Naf-fonal Forest I n South C a r o l i n a * t h e breeding ma1 e ' s r o o s t t r e e appeared t o have i n f l a t e d estimates o f f o r a g i n g time, whereas stands a t more than a 600-m d i s t a n c e appeared t o have underestimated values. I f b i r d s were f o llowed 5 hours, t h i s t r e n d was no l o n g e r apparent. Fol l o w i n g b i r d s l o n g e r than 5 hours reduced t h e v a r i a t i o n i n observed values, but we used 5-hour days as t h e minimum t o i n c l u d e i n t h e a n a l y s i s . By u s i n g 5-hour and l o n g e r days, t h e samp l i n g i n t e n s i t y was t w i c e t h a t o f 7-hour and 1 onger days : 283 days and 1,910 hours vs. 109 days and 971 hours, res p e c t i v e l y . Data c o l l e c t e d on f 71 days (442 hours) were n o t used i n t h e analys i s because they were c o l l e c t e d on days when we f o l l o w e d c l a n s l e s s than 5 hours.
C h a r a c t e r i s t i c s o f t h e v e g e t a t i o n were measured i n t h e 276 stands cont a i n e d w i t h i n t h e home ranges o f t h e 18 clans.
Depending on stand s i z e , 3 t o 20 sampl i n g p o i n t s were l o c a t e d systematic a l l y from a random s t a r L i n g p o i n t , Each sample p o i n t served as t h e c e n t e r o f a I-m2 For a n a l y s i s , f o r e s t stands were t h e o b s e r v a t i o n a l u n i t and UAR was t h e dependent v a r i abl e.
Regressi ons were run by using v a r i o u s measures o f stand c o n d i t i o n s ( t a b l e 1) as independent v a r i a b l e s .
Results
The d e n s i t y , s i z e , and age o f pines and t h e basal area o f hardwoods v a r i e d g r e a t l y among f o r e s t stands, prov i d i ng red-cockaded woodpeckers a wide c h o i c e o f c o n d i t i o n s from which t o sel e c t f o r a g i n g areas ( t a b l e 1). Given These r e s u l t s suggest t h a t t h e red-cockaded woodpeckers were n o t very s e l e c t i v e o f f o re s t stands i n which t h e y foraged.
nes p i t e t h e v a r i a t i o n i n stand s e l e c t i o n , s t a t i s t i c a l l y s i g n i f i c a n t re1 a t i o n s h i p s were found between stand s e l e c t i o n and t h e major stand c h a r a c t e r i s t i c s t h a t we weasured.
Several weak but s t a t i s t i c a l l y s i g n i f i c a n t t r e n d s were found between stand s e l e c t i o n and t h e d e n s i t y and s i z e o f pines, Regressions t h a t used t h e d e n s i t y o f pines 224
cm, 236 cm, and >48 cm d.b.h. were s i g n i f i c a n t , b u t t h e percentage o f t h e v a r i a t i o n i n stand select i o n t h a t was accounted f o r was very small ( f i g .
2). Regressions t h a t i ncluded pines (24 cm d.6.h. were n o t s i g n i f i c a n t (P<0.05). -
Although small, t h e amount o f vari a t i o n i n stand s e l e c t i o n t h a t was accounted f o r by t h e r e g r e s s i o n models increased as t h e minimum d o b e h e o f pines used i n t h e independant v a r i a b l e became l a r g e r ( f i g . 2). S p e c i f i c a l l y , t h e d e n s i t y o f pines >36 crn deheh, had a s t r o n g e r r e ? a t i o n s h i p t o stand s e l e c t i o n t h a n pines 224 cm d.b,h,,
and pines 248 cm d,b,h, had a s t r o n g e r r e l a t i o n s h i p t o stand s e l e c t i o n than pines 236 cm d,h.h, These r e s u l t s appear t o suggest t h a t stands w i t h pines >48 crn d,h,h, were p r e f e r r e d over those w i t h s m a l l e r t r e e s , Other r e s u l t s , however, do n o t support such a conclusion, Me found no s i g n i f ic a n t d i f f e r e n c e i n s e l e c t i o n o f stands w i t h and w i t h o u t pines 248 cm d,b.h, (mean UAR=1,3 and 1.2, n=141 and 93, r e s p e c t i v e l y , P>OeS1 based on t -t e s t ; a1 1 stands use'd" i n t h i s comparTson had 210 pines/ha t h a t were 224 cm debah.).
I n a d d i t i o n , when t h e area and associa t e d f o r a g i n g o b s e r v a t i o n w i t h i n 60 m o f c a v i t y t r e e s were removed from t h e a n a l y s i s , t h e r e l a t i o n s h i p o f stand s e l e c t i o n t o d e n s i t y o f pines >48 cm d.b.h. was not s i g n i f i c a n t ( f i g . 2,D). I n c o n t r a s t , w i t h o u t t h e e f f e c t o f cavi t y t r e e s t h e rela%ionskip between stand s e l e c t i o n and t h e d e n s i t y o f pines 224 cm d.b,h,
was sonewhat s t r o n g e r than when a1 l observations were used (R2=0.07, P<0.000?, n=271 and R2=0.03, P<0.002, ny276, r e s p e c t i v e l y ) . The -re1 a t i o n s h i p between stand s e l e c t i o n and t h e d e n s i t y o f pines 237 cn d,b.h, was t h e same whether o r n o t t h e area around c a v i t y t r e e s was included,
Removing t h e 60-m area and observa%ions around c a v i t y t r e e s From t h e a n a l y s i s made l i t t l e change i n t h e a v a i l a b i t i t y o f stands w i t k pines 248 cm d,b.h,
Only 5 o f t h e 28 stands w i t h c a v i t y t r e e s were dropped
Prom t h e a n a l y s i s , l e a v i n g 145 stands w i t k pines 348 crn d,b,h, I n t o t a l , t h~ 775 ha of stands w i t h pines a48 em d.k,h, was reduced by o n l y 7 percent. Thus, any apparent preference For stands w i t h pines 248 cm d , h , h , seems t o be due p r i m a r i l y t o t h e a t t r a c t i o n o f caviLy t r e e s . 
Preference f o r Foraging i n stands tended t o decrease as t h e b a s a l a r e a o f hardwoods 212 cm d,h,h, i n c r e a s e d ( f i g , 3). Although s t a t i s t i c a l l y s i g n i f i c a n t ,
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t h e r e g r e s s i o n accounted f o r v i r t u a l l y none o f t h e v a r i a t i o n i n stand s e l e ct i o n , suggesting t h a t t h e d e n s i t y o f hardwoods was not an i m p o r t a n t f a c t o r i n stand s e l e c t i o n , E x d u d i n g t h e area and f oragi ng o b s e r v a t i sns around c a v i t y t r e e s d i d n o t change t h e r e g r e s s i o n o f
stand s e l e c t i o n and hardwood basal area (R2=0.02, -P<O.O2, n=27l).
Stand s e l e c t i o n was s i g n i f i c a n t l y r e l a t e d t o stand age, b u t tke amount o f v a r i a t i o n accounted f o r by t h e regress i o n was very small ( f i g . 4.A). Two f a c t o r s appeared t o he r e s p o n s i b l e f o r t h e r e l a t i o n s h i p beLween stand s e l e c t i o n and stand age, The f i r s t f a c t o r was t h a t t h e s e l e a i o n f o r stands (30 years oad was r a d i c a l fy d i f f e r e n t from s e l e ct i o n f o r o l d e r stands i n t h a t a l l t h e UAR values were low ( f i g . 4,A).
The second facLor was t h a t most c a v i t y t r e e s occurred i n o l d e r stands and t h e a t t r a ct i o n o f c a v i t y t r e e s tended t o i n f l a t e t h e UAR values, When stands (30 years o l d and t h e area and f o r a g i n g observ a t i o n w i t h i n 60 m o f c a v i t i e s t r e e s
were removed from t h e a n a l y s i s , t h e r eg r e s s i o n was no longer s i g n i f i c a n t ( f i g . 4,B). Using 30 years as t h e p o i n t t o d e l e t e young stands was a r b i t r a r y , b u t the same r e s u l t occurred when stands (25 years o l d o r (20 y e a r s o l d were used (R2=0.003, P>0.35, n=256 ; and R2=0.005, PXl.25, n=259, r e s p e c t i v e l y ) . Discount--i n g t h e area around c a v i t y t r e e s had l i t t l e e f f e c t on t h e a v a i l a b i l i t y o f stands ~8 0 y e a r s old. O f t h e 133 ha i n stands 280 years old, o n l y 23 ha were exc 1 uded , Red-cockaded woodpeckers on t h e F r a n c i s Marion N a t i o n a l Forest had a wide rawge sf t r e e d e n s i t i e s , t r e e s i z e s , hardwood basal area, and stand ages from which t a select stands f o r foraging.
The resul t s suggested t h a t a l l these measures o f s t a n d c o n d i t i o n s had some bearing on stand seleetisn, However, t h e b i r d s were h i g h l y v a r i a b l e i n t h e i r s e l e c t i o n , and t h e observed rel a t i o n s h i p s between s t a n d c o n d i t i o n s and s t a n d sel e e t i on were consequently weak,
Several reasons f o r t h e v a r i a t i o n i n
a n s i n some, b u t n o t a l l , home ranges had more f o r a g i n g resources than they needed (Hooper and o t h e r s 1982; Wood and o t h e r s 1985). I f t r u e , t h i s might e x p l a i n why some stands o f a g p a r e n t l y p r e f e r r e d f o r a g i n g condit i o n s r e c e i v e d l i t t l e o r no use d u r i n g t h e study. On t h e o t h e r hand, some home ranges may have been d e f i c i e n t i n pref e r r e d f o r a g i n g stands. The importance o f t h e d e n s i t y o f pines as a f a c t o r i n stand s e l e c t i o n was corroborated t o some e x t e n t by o t h e r s t u d i e s , b u t d i r e c t comparison o f res u l t s a r e confounded.
I n one home range, Wood (1983) found t h e most i n t e ns i v e l y foraged area had t h e h i g h e s t t r e e d e n s i t y , t h e moderately foraged area had an i n t e r m e d i a t e d e n s i t y , and t h e area o f 1 i m i t e d use had t h e l e a s t d e n s i t y o f t r e e s . . Foraging areas i n one home range i n North Carol i n a had fewer p i n e trees/ha than t h e home range as a whole, whereas t h e foraging areas i n one o t h e r home range had a h i g h e r d e n s i t y t h a n t h a t home range as a whole (Repasky 1984) . Repasky i n c l u d e d pines 22.5 cm 8, 2 & E S F 1 . 0 c @ ra g%: Selection o f f o r e s t stands by 18 clans o f foregfng red-cockaded woodpeckers was studfsd I n t h e l r ysar-rwnd h ranges. The foraging use o f 276 stands r e l a t i v e t o t h e i r avallabt 11ty w i t h i n t h e home ranges was compared t o several stand charactwlstfcs.
S e l e c t l m among stands with simftar characterlstlcs was RfghOy variable and red-cockadeds foraged I n stands wlth a great varlesty o f condltlons.
Stand selection increased sfgn l f f c a n t l y as h n s l t y o f plnes 3 24 crn Qeb.h. Increased and as basal area of hardwoods 2 12 ern d e b e h e decreased, b u t theses relationships were weak. Bsyond 30 years, s-tand age was no* s s l g n l f f c a n t f a c t o r I n selection. Selection o f f o r e s t stands by 18 clans o f foraging r e d -c d a d e d p e e r s was studled l n t h e l r year-round ham ranges* The foraglng use of 276 stands r e l a t i v e t o t h e i r a v a l l a b l l f t y w i t h i n the h m ranges was campared t o several stand characterfstfcs.
Setecflan amng stands with slmil a r characterfstfcs was highly variable and red-cockadeds f o r a p d l n stands wlth a great variety o f conditions.
Stand selectton increased sign i f i c a n t l y as density o f plnes 2 24 em d.b.h.
Inweased and as basal area of har&occ;ds 2 12 crn drbrh. decreassd, but these relatlonshtps were weak. Beyond 30 years, stand age was not a s f g n l f f c a n t factor I n si~lectlon.
KEYWRDS: Endangsred specfes, foraging habitat, h a b i t a t selection, labl o f l y pine, longleaf pine, Plcoides borealfs.
